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patients . suggesting either enhanced lactate metabolism or
impaired washout of lactate from the n»ues 191_
Carbon dioxide clearance and ventila!lon. Clearance at
carbon dioxide is mediated by mechanisms controlling VE .
and normally results in regulation of arterial partial pressure
ofcarbondioxide IPc'o,l and pH within narrow limits during
exercise (10) . With a right to left shunt, venous carhop
dioxide is added directly to the arterial circulation . Despise
this . rest Paco, is usually law because of high levels o€ VF
14,7
.01, During exercise, the Pco_ of venous (stood inceasel
a result of increased production • additional carbon d,-
We
resulting from the buffering of lactic acid by bic rbvnate
and the increased right to left shunt fraction
. Increased
amounts of carbon dioxide arc thus shunted into the st -
temic circulation To compensate for this and present CIo-
sation or pal the pulmonary capillary blood Pco, must be
reduced to very low levels by hyperventilation . .Accordingly-
VE increases more in patients with a right to 1-ft shunt than
for normal subjects at flue same exercise woik rate tar.
Because the relation or alveolar ventilation to pulmonary
capillary Pco, is hyperbolic . successive decrements in pul-
monary capillary Pro, require progres,ively greater lucre-
ments in VF, making compensation far carbon di redo
shunting physiologically difficult, it Is therefore not surpris-
ing that cyanotic patients tend to develop respiratory woe II
as metabolic acidosis during exercise [7.11).
Summary
. The presence of intracardicc shunts dissoci-
ates the right and left circulation . making dynamic coup-
ling of cellular and pulmonary' got exchange :neff.ierl
or impossible . As a result. patients may have profound
changes in arterial blood gases and prolongation of adepht-
(ion and recovery even with low levels of physical act ity .
Because the exercise-induced symptoms in patients wilb
cyanotic congenital heart disease have bases apart from
heart failure, assignment of a New York heart Aasocia-
tton functional class may he misleading if not erroneous
Dr. lane Somerville recommends the `Ahiluc Index"
show a in Table I .
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Adults with repaired . palliated or unoperimd r inpenital
heart disease may require noacardiac vugeery IFig II, but
there are relatively few published :ports to glide their
management [ 11 . It is important l, underscore that manage-
meet must take into consideration not only congenital heart
disease itself. but also the cardiac and vascular diseases
acquired with age, especialls coronary artery disease and
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hypenensinn . Perioperativa risk, can he reduced, often
significantly
. when the problems inherent in this patient
population are anticipated . The functional status of the
patient remains an important consideration, but assignment
of risk based on New York Heart Association functional
class is often erroneous in cyanotic congenital heart disease
Isec Cyanotic Congenital Heart Disease Dynamics of Oxy-
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gen Uptake and Ventilation During Exercise . by Dr
. Siet-
sema elsewhere in this conference) .
Preoperative Assessment
Cyanotic patients are at increased risk of bleeding be-
cause of intrinsic hemostatic defects (see Cyanotic Congen-
ital Hean Disease Hcmatologic Management, by Drs . Ter-
rite and Rosove elsewhere in this conference) and increased
tissue vasculttrity (large number of blood vessels per unit
tissue) . Preoperative assessment of prothromhin time and
partial thromboplastin time will he inaccurate and molcading
unless the laboratory is instructed
to
correct for the hema-
ioerit level . When the hcmatocrit level is >bi%, prcopcra-
live phlebotomy is recommended to reduce the intrinsic
hemostatic defect . Perioperative blood loss should be esti-
nlat3d as part of the preoperative hematologic plans,
Cyanotic patients are at risk of paradoxic embolism, so
intravenous litres should be fined with filters to exclude airand
particulate matter, After opelalion, every precaution u!touid be
taken to minimize the risk of pcriohera1 venous stasis .
Preoperative insertion of a flotation cash ter for hemody-
namic monitoring has limitations in the setting of
congenital
heart disease. The risk of insertion in patients with pulmonary
vascular disease is generally unacceptable . Access to the
pulmonary circulation is precluded after a Mustard or Senning
procedure and in certain complex cyanotic malformations,
In hospitals to which cardiac surgery is performed, there
was a consensus that preoperative -consultation
be
secured by
a cardiac anesthesiologist, who can either assume responsibil-
ity in the operating room or advise the assigned anesthesiolo-
gist .
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Figure 1. Incidence of noncardiac
surgery in adolescents %012 years
of age) and adults with congenital
heap disease . E.N .T. = car, nose
and throat surgery ; GYNAE = gy-
necologic .
Peioperative Management
Patients at risk of infective endocarditis should be man-
aged with appropriate prophylaxis . Although it seems intuitive
that supplemental oxygen is desirable in cyanotic pah
:nts,
there is lit lie evidence that administration is efficacious . and
drying of nasal mucous membranes risks provoking epistaxis in
cyanotic patients with hemostatic defects . Meticulous attention
tofluid balance and hematotogic indexes is essential, especially
in cyanic patients. Blood removed by preoperative phlebot-
amy should be kept for potential nutologous transfusion . Cy-
anotic patients arc at particular risk if the hematocrit decreases
suddenly . Medicalions, especially diuretic drugs . vasodilators
and potential myocardial depressants, should only be given
after taking into account the specific clinical context
. Periup-
eralive elcorocardiographic monitoring is indicated in patients
with preoperative disturbances in rhythm or conduction
. but
stable rhythms or arrhythmias may not remain stable under
general anesthesia . It is becoming increasingly likely that
preoperative lransesophageal echocardiography will prove
useful in selected high risk patients . Early ambulation is
desirable, but postural hypotension poses a risk, especially in
cyanotic patients.
Acyanotlc Congenital Cardiac Lesions
Ostium tecundum aerial septal defect . In younger pa-
tients, the chief periopcrative concerns are an augmentation
in left to right interatrial shunt in response to sudden
hypovolemia )blood loss) and the risk of paradoxic embo-
lism . Older patients experience an increase in the work of
breathing because of decreased pulmonary compliance, but
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the chiefcorecro :a are disturbances in atrial rhythm and right
ventricular failure . Flotation catheter% seldom enter the
pulmonary circulation .
Bicuspid aortic valve. The chief risk is infective en-
docarditis, whether the valve is functionally normal or
mildly to moderately obstructed or regurgitant .
Primary pulnronar hypertension . These patients are at
high risk even if the noncardtac surgical procedure is consid-
ered minor by other standards . The anesthesiologist should
select agents least likely to reduce systemic resistance . An
arterial line is placed to monitor systemic blood pressure .
Insertion of a flotation catheter is in itself a procedure not
devoid of risk. Mild preoycrative sedation reduces anxiety .
Pelioperative systemic hypetension poses a formidable risk
best treated with an alpha-adrcncrgic agonist Inorepinephnncl
.
Cyanotic Congenital Cardiac Lesions
Ebstein's anomaly of the Gieuspid valve . In unoperaled
patients, the chief perioperative risks are atrial tachyarrhyth-
mias, paradoxic embolism and infective endocardilis . Intra-
cardiac repair may eliminate the reentrant pathways and the
intentional communication, but does not eliminate the risk of
infective endocardibs irrespective of the method of tricusoid
surgery.
Pulmonary vascular disease with right to left shunt. Fixed
pulmonary vascular resistance limits the patient's ability to
adapt to perioperative hemodynamic alterations . especially
sudden changes in systemic vascular resistance . A pulse
The Physician's Responsibilities : Residua and Sequelae
JANE SOMERVILLE, MD, FRCP, FACC
Because cardiac surgery is . with few exceptions. not curative .
postoperative residua and scquelac are the rule . In addition,
curative cardiac surgery does not preclude noncardiac residua .
The four major cardioler:c concerns demanding expert knowl-
edge include arrhythmias . infective endocarditis. myocardial
failure and pulmonary vascular disease .
Arrhythmius . The problems precipitated by arrhythmias
in adult congenital heart disease and the relative frequency
of the type of arrhythmia treated in I year at the National
Heart Hospital. London . are shown in Table I and Figure I .
respectively. The effects, incidence and management of
serious arrhythmias in these adults differ from those in the
child and errors resulting from equating the two types of
patients should be avoided
. The arrhythmogenic effect of
acquired coronary artery disease is an added factor. Elec-
trophysiologic investigations in pediatric patients have not
SOh1ERVILLE
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oximeler provides a continuous monitor of the degree of
venoarterial mixing . Insertion of a flotation catheter poses
risks that outweigh the
benefits. i n addition to the fact that
the flotation catheter seldom finds its way into the pulmo-
nary artery .
Tetralogy of Fullest . A major concern is sudden variation in
systemic vascular resistance . A decrease in systemic resistance
or circulating blood
volume serves to increase the right to left
shunt and produce intense cyanosis . whereas an increase in
systemic resistance suddenly decreases cardiac output and
cerebral perfusion . After intracardiac repair . the chief periop-
crative concern is disturbances in rhythm and conduction,
Complete transposition of the great arteries . For all prac .
tical purposes, these adults presenting for noneardiac surgery
will have had an atrial switch repair (Mustard or Senningj . The
major perinpemtlve concerns are atrial arrhythmias, atrioven.
tricolor conduction defects and systemic ventricular function.
Electrocardiographic monitoring is obligatory .
The Fontan repair. The two chief perioperative concerns
are adequacy of systolic and diastolic function of the sub-
aortic ventricle and maintenance of sinus rhythm . Electro-
cardiographic monitoring is desirable even if there is no
history of atrial arrhythmias .
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helped significantly in providing reliable predictions of sud-
den dealt in older patients . It is axiomatic but nevertheless
important that patients identified at risk of sudden death
must be counseled against unnecessary physical and emo-
tional stress. alcohol or drug abuse and the taking cf medi-
cations without advice from their cardiologist .
After treating the rhythm disorder, ahrdvs seek, and if
Tahte t . Serious Effects Caused by the Onset of Arrhythmias in
( ;townUp Congenital Heart Disease
Collapse
Sudden dea!h
Scmn!umauc dcmriorelion
Emboli
Pacemaker tailureRhange
